Purpose Obesity is commonly associated with poor sleep, excessive daytime sleepiness (EDS) and depressive mood but the impact of bariatric surgery on these conditions is incompletely understood. This study aimed to investigate the course of EDS and sleep quality in bariatric surgery patients in relation with changes in body weight and depressive symptoms. Methods In patients consecutively submitted to bariatric surgery, baseline and postoperative sleep quality were evaluated by the Pittsburgh Sleep Quality Index (PSQI), excessive daytime sleepiness by the Epworth Sleepiness Scale (ESS), risk for OSA by the Berlin Questionnaire (BQ), and depressive symptoms by the Beck Depression Inventory-Short Form (BDI). Comorbidities were assessed by interview and chart review. Results Sixty patients (M/F = 9/51) with a mean (±SD) age of 34.7 ± 9.2 years and body mass index (BMI) of 46.04 ± 7.52 kg/m 2 were studied. Bariatric surgery improved PSQI score (6.4 ± 3.8 versus 4.1 ± 2.8; p < 0.001), ESS score (8.1 ± 4.7 versus 6.0 ± 3.3; p < 0.001), BDI score (9.8 ± 7.0 versus 4.7 ± 4.6; p = 0.001), and risk for OSA (68.3 versus 5%). Twelve of the 18 subjects with baseline EDS (ESS ≥ 10) developed normal ESS score after surgery. In these subjects, significant postoperative improvement in depressive symptoms score was observed (12.0 ± 9.0 versus 5.5 ± 5.0; p = 0.041), in contrast to the remaining six cases with persistent EDS, who showed no significant change in these symptoms (5.5 ± 5.0 versus 3.2 ± 3.1; p = 0.416). Conclusion Bariatric surgery has a beneficial effect on sleep quality and EDS. Postoperative improvement in EDS can be related to a reduction in depressive symptoms.
Introduction/Purpose
Obesity is a public health problem with a major negative impact on morbidity, mortality, and health-related quality of life on a global scale [1] . Most studies on the causes and treatment of obesity have so far focused on caloric ingestion and energy expenditure. More recently, the role of sleep in metabolic regulation has been increasingly recognized as well as the impact of insufficient and disrupted sleep on the development of the metabolic syndrome [2, 3] . Impaired sleep, in association with changes in lifestyle and socioeconomic environment, is increasingly common in modern society. It has been reported that one in five adults may be currently affected by sleep problems [4] . The rapid increase in the prevalence of overweight/obesity appears to have occurred in tandem with the gradual worsening of sleep inadequacy over the last three decades, as suggested by a recent analysis of a large dataset of non-institutionalized US adults [2, 5] . Poor quality sleep and short sleep duration have been shown to enhance positive energy balance and result in weight gain through several mechanisms, including effects on sleep metabolic rate, leptin and ghrelin concentrations, appetite, hypothalamic-pituitaryadrenal axis activity, gut-peptide concentrations, and substrate oxidation [6] . On the other hand, obese subjects are more likely to suffer from inadequate sleep [7, 8] , thus pointing to a reciprocal relationship, whereby poor sleep leads to weight gain which may, in turn, induce more sleep impairment.
Excessive daytime sleepiness is common in obese subjects and has a negative impact on their safety and quality of life. Obstructive sleep apnea (OSA) and sleep loss are generally considered the main determinants of daytime sleepiness in obesity. However, despite the close association between OSA and obesity, the relation between severity of OSA, measured by the apnea-hypopnea index, and that of the excessive daytime sleepiness, as assessed by the Epworth Sleepiness Scale (ESS), is weak. In addition, sleepiness may persist in some cases despite an effective treatment for OSA [9, 10] . Other factors that have been suggested to play a role in the development of the excessive daytime sleepiness in obese patients include depression and metabolic disorders, such as insulin resistance and diabetes [11, 12] .
Bariatric surgery is considered an effective treatment for severe obesity and may have a beneficial effect on its comorbidities, such as disturbed sleep and its daytime consequences [13] . However, factors associated with persistence of hypersomnolence after bariatric surgery have not been elucidated. The main purpose of this study was to investigate the longitudinal course of excessive daytime sleepiness and sleep impairment in patients undergoing bariatric surgery in relation with changes in mood and weight loss.
Methods
Patients of both genders aged 18 years or older, with body mass index (BMI) ≥40 or ≥35 and at least one comorbidity related to obesity condition, were approached to take part in the study, on the occasion of their first visit to the Obesity Surgery Outpatient Clinic at BHospital Geral Dr. César Cals,^in Fortaleza, Brazil. Individuals with heart, kidney or liver failure, neoplasms, and women who were pregnant or breastfeeding were excluded from the study. The protocol was approved by the local Research Ethics Committee, and all participants provided the signed written informed consent before the procedures (approval number-442/2010).
Sociodemographic and clinical data, including presence of diabetes mellitus and systemic arterial hypertension, were obtained by interview and chart review. Body mass index was calculated as the ratio between weight (kg) and squared height (m 2 ). Quality of sleep was evaluated by the Pittsburgh Sleep Quality Index (PSQI), a self-report questionnaire that assesses sleep quality over a 1-month time interval. It consists of 19 items generating seven component scores: subjective sleep quality, sleep latency, sleep duration, sleep efficiency, daytime dysfunction, use of medications to sleep, and presence of sleep disorders. Individuals with a total PSQI score greater than five were considered poor sleepers. A Portuguese-language version of the PSQI adapted to the Brazilian population was used in this study [14] . Daytime sleepiness was assessed using the ESS, a questionnaire which includes eight items regarding the expectation of dozing in eight hypothetical situations. A score of 10 or above was considered indicative of excessive daytime sleepiness. A Portuguese-language version of the ESS previously adapted to the Brazilian population was used in this study [15] . Risk for OSA was assessed by a Portugueselanguage version of the Berlin Questionnaire (BQ) that had been previously translated and adapted to the Brazilian population [16] . Presence and severity of the depressive symptoms were investigated by the Beck Depression Inventory-Short Form (BDI) and symptoms were classified as mild (>4 to 7 points), moderate (>7 to 15 points), or severe (>15 points). A Portuguese-language version of the BDI, adapted to the Brazilian population, was used in this study [17] .
All patients were routinely evaluated by a multidisciplinary team and a laparoscopic Roux-en-Y gastric bypass was performed in all cases. Measurements and questionnaires were repeated postoperatively, at least six (mean ± SD = 16.1 ± 6.0) months after surgery, for comparison.
Data Analysis
Values are presented as mean ± SD or frequency. Participants were divided into two groups according to the presence (ESS ≥ 10) or absence of preoperative excessive daytime sleepiness for analysis. Data were examined for normality using the Kolmogorov-Smirnov test. For normally distributed variables with homogeneity of variance, between-group comparisons were performed using Student's unpaired t test and within-group comparisons using the paired t test. The Wilcoxon test was used for comparisons of before and after bariatric surgery of those variables that did not meet the requirements for homogeneity of variances. Categorical variables were analyzed by the chi-square or McNemar test. Pearson's correlation coefficients were calculated to evaluate the relation between BQ, BMI, and ESS scores. Analyses were conducted using the Statistical Package for the Social Sciences (SPSS) for Windows, version 20.0 (SPSS Inc., Chicago, IL, USA). Differences were considered to be significant at p value <0.05.
Results
Sixty patients consecutively submitted to bariatric surgery, aged between 21 and 56 (mean ± SD = 34.7 ± 9.2) years, with a BMI ranging from 35.0 to 72.4 kg/m 2 , were included in the study. General characteristics and results of the basal and follow-up PSQI, ESS, and BQ scores are summarized in Table 1 . Risk of OSA, as measured by the BQ, was positively correlated with the BMI (R = 0.34; p = 0.007) and presence of excessive daytime sleepiness (R = 0.30; p = 0.017).
After the bariatric surgery, there was an improvement in the following components of the PSQI: quality of sleep (p = 0.041), latency of sleep (p < 0.001), disturbance of sleep (p < 0.001), and tendency for improvement in daytime dysfunctions (p = 0.05).
Twelve of the 18 subjects with baseline excessive daytime sleepiness (ESS ≥ 10) developed a normal ESS score after surgery. In these subjects, significant postoperative improvement in depressive symptoms score was observed (12.0 ± 9.0 versus 5.5 ± 5.0; p = 0.041), in contrast to the remaining six cases with persistent excessive daytime sleepiness, who showed no significant change in these symptoms (5.5 ± 5.0 versus 3.2 ± 3.1; p = 0.416). In the present study, persistent daytime somnolence was not associated with the degree of weight loss or the magnitude of improvement in subjective sleep quality after bariatric surgery.
Discussion
This study confirms the beneficial effect of bariatric surgery on subjective sleep quality and hypersomnolence and suggests that persistence of excessive daytime sleepiness after surgery may be related to a lack of improvement in depressive symptoms.
Sleep quality improvement after bariatric surgery has been previously reported [8, 18, 19] . Obesity is the main risk factor for OSA, a major cause of disturbed sleep and excessive daytime sleepiness in this patient population, and previous studies confirm the effectiveness of obesity surgery for the control the OSA [19, 20] . More than half of the participants in the present study were identified as being at risk for OSA at baseline, as assessed by the Berlin Questionnaire (BQ), a figure that decreased dramatically after the surgical intervention (5.0%). However, it should be kept in mind that overnight polysomnography is the gold standard for the diagnosis of OSA and although clinical screening tools, such as the BQ, have been widely used for this purpose, the findings regarding their diagnostic accuracy are controversial. A meta-analysis of 26 studies has suggested that among other screening tools, the BQ presents the highest diagnostic odds ratio [21] .
The majority of the subjects in the present study showed an improvement in excessive daytime sleepiness after surgery, in agreement with previous investigations [22] [23] [24] . It has been suggested that the decrease in hypersomnolence after bariatric surgery may be related to an improvement in nocturnal sleep, secondary to the reduction in OSA, as mentioned above, although other factors, such as a reduction of metabolic and inflammatory abnormalities, could also play a role [9, 25, 26] . In a previous study of 56 obese patients with high-level preoperative daytime somnolence, normalization of excessive sleepiness was achieved only 1 month after the surgical procedure [27] . It is worth emphasizing that about 10.0% of the participants of the present study were found to remain with excessive daytime sleepiness at the postoperative evaluation. The causes of persistent hypersomnolence after successful obesity surgery have not been adequately clarified [9, 10] . In this study, we were unable to find a correlation between persistence of excessive daytime sleepiness and the magnitude of sleep quality improvement or the degree of weight loss after the surgical procedure.
An overall improvement in depressive symptoms after bariatric surgery was observed in this study. Depressive symptomatology is commonly found in obese subjects and this relation may be bi-directional [28] . It has been suggested that obesity can lead to depressive mood for several reasons, including physical inactivity, poorer quality of life, and social prejudice [29] [30] [31] . On the other hand, observations that depressed individuals may gain weight because of the use of antidepressants, sedentarism, and poor sleep quality [32, 33] seem to support a reverse sequence of events. Finally, the co-occurrence of these two conditions must also be considered in view of common genetic and lifestyle factors [32, 34] . Significant improvement in depressive symptoms has been previously reported following bariatric surgery [35] , and greater weight loss has been correlated to higher rates of depression resolution in these individuals [36] . The nature of the postoperative improvement of depressive symptoms is probably multifactorial and may be related to psychosocial factors, including gains in self-esteem, body satisfaction, and weight-related stigmatization, as well as biological factors, such as reduction in insulin resistance, deactivation of pro-inflammatory states and normalization of the hypothalamic-pituitary-adrenal axis [37, 38] . A relevant finding of the present study is the concomitant improvement in depressive symptoms among subjects who experienced normalization of daytime sleepiness scores, in contrast to the absence of a change in depressive symptoms among those with persistent daytime somnolence. A relationship between obesity, depression, and excessive daytime sleepiness has been previously described in community cohort studies [39] as well as in obese subjects [40] . Dixon and coworkers, in 1055 consecutive patients presenting for obesity surgery, observed that daytime somnolence, as measured by the ESS, was not related to the presence or severity of OSA diagnosed by overnight polysomnography in a subgroup of subjects. The largest contributors to variance of ESS scores in their sample were symptoms of depression, sleep problems reported by the patient, and poor quality of life [11] . Prospective studies evaluating the associations among depressive symptoms, sleep quality, and excessive daytime sleepiness following bariatric surgery are scarce. However, Fernandez-Mendoza and coworkers, in a population-based study of 1395 subjects followed up after 7.5 years, reported that weight loss was associated with remission of excessive daytime sleepiness. Interestingly, those investigators also found that the presence of sleep disturbances could predict the incidence of daytime somnolence in individuals with depression [25] . Frequency of diabetes mellitus and systemic arterial hypertension decreased significantly after surgery among the participants of this study, thus confirming previous reports on the positive effect of obesity surgery on these conditions [13, 41] . As diabetes mellitus has been found to be a predictor of excessive daytime sleepiness, regardless of obesity [25] , this reduction may also have contributed to the overall improvement in daytime somnolence evidenced in the present results.
In this study, daytime sleepiness was not objectively measured. The multiple sleep latency test (MSLT), which quantifies the ability to fall asleep on multiple repeated nap opportunities, is generally regarded as the gold standard objective measure of excessive sleepiness [42] . However, there is evidence that the MSLT has limitations for the assessment of sleepiness in subjects with depressive symptoms [43, 44] . In this study, subjective sleepiness was assessed by the ESS, the most commonly used measure of sleepiness in sleep research and clinical settings [45] . Recently, Plante and coworkers examined the associations of depression with habitual sleep duration, subjective daytime sleepiness, and objective sleep propensity in a nonclinical adult population. Those investigators found that subjective daytime sleepiness and increased habitual sleep duration were associated with increased odds of depression. Paradoxically, increased sleep propensity on the MSLT was associated with reduced likelihood of depression, underscoring the limitations of the MSLT as a measure of sleepiness in the context of mood disorders [46] .
In conclusion, bariatric surgery leads to an overall improvement in subjective sleep quality and daytime somnolence. Excessive daytime sleepiness may persist after surgery in a small but significant proportion of individuals. Postoperative improvement in hypersomnolence can be related to an improvement in depressive symptoms. Further studies are necessary to fully clarify the mechanisms involved in the relation between obesity, hypersomnolence, and depression.
